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R1109interesting questions related to a hot 
topic will eventually be revealed by 
somebody. Therefore, I try to study 
what other people do not. One thing 
I try to keep in mind is whether my 
questions are of general interest. My 
major interest lies in the underlying 
mechanism of seasonality. Because 
research on this topic requires a long 
time, few people want to work on 
this topic. I used quail as a model 
because of their dramatic responses 
to photoperiodic changes. Currently, I 
am also interested in the mechanisms 
of innate vocalization. The chicken 
provides an excellent opportunity 
to address this question. During 
our molecular and genetic analysis 
of rooster crowing, we noticed that 
roosters crow about two hours before 
dawn. When I searched the existing 
literature, I found that nobody had 
investigated whether crowing is 
triggered by the internal circadian 
clock or external stimuli such as 
sunlight. This is one example but there 
are a lot of interesting questions that 
remain to be answered.
Do you think science should always 
be hypothesis driven? No. I feel that 
the hypothesis-driven approach has 
limitations. From my experience, 
when I hypothesize based on the 
existing literature, in most cases 
my hypotheses are wrong. I think 
human beings are not smart enough 
to predict the mysteries of every 
organism. Therefore, I always try to 
take a discovery-driven approach (e.g., 
systems biology and forward genetics). 
Organisms are using much cleverer 
strategies than we can imagine. I 
always feel awed by nature, and I enjoy 
learning from organisms; they always 
provide surprises, and consequently I 
really enjoy science. I think it is the joy 
and privilege of scientists to share the 
great mysteries of organisms with the 
public.
Do you feel a push towards more 
applied science? Yes. Due to the 
current worldwide economic problems, 
I feel that translational research is 
being more actively encouraged 
in many countries. I agree that 
translational research is important, 
and I am performing such work at 
WPI-ITbM. However, I believe that 
good translational research and 
breakthroughs often emerge from 
excellent basic research. Therefore, it is 
important to support a wide spectrum of basic research, even if those studies 
do not seem to contribute to applied 
science at all. This strategy is very 
important for fostering next-generation 
breakthroughs.
Do you believe there is a need 
for crosstalk between biological 
disciplines? Classical biological 
disciplines might still be important 
from an educational point of view. 
However, I feel that the classical 
interdisciplinary boundaries do not 
exist anymore in modern biological 
research. My scientific background is 
agriculture. However, because human 
beings are also animals, our findings 
contribute to the understanding of 
human physiology. Accordingly, I am 
often invited to give talks in various 
fields. I do not experience barriers 
between different biological disciplines 
at all. Moreover, these days I also 
enjoy discussions with chemists and 
theoreticians. Thus, I consider crosstalk 
between different disciplines to be 
quite normal.
Which historical scientist would you 
like to meet and what would you 
ask her/him? I would like to meet 
Spanish neuroscientist and Nobel 
laureate Santiago Ramón y Cajal, 
and hear about his struggles and 
excitement when he discovered that 
the neuronal cells are not continuous 
but contiguous. 
I am sure much more patience was 
required to be a scientist in Cajal’s time, 
when the modern devices we currently 
use were not yet available. State-of-
the-art techniques and devices have 
made huge contributions to modern 
science, and their importance is 
increasing. However, if one has unique 
ideas, these techniques and devices 
are not always necessary. Although we 
have cutting-edge microscopes in my 
laboratory, I love antique microscopes. 
In fact, I have several microscopes that 
are over 100 years old! (In the picture: 
Ernst Leitz 1902.) When I use these 
microscopes to look at a specimen, 
I can imagine and feel the passion of 
the pioneers of science. In any era, 
curiosity and passion are fundamental 
to science.
Laboratory of Animal Physiology, Nagoya 
University, Nagoya 464–8601, Japan. Institute 
of Transformative Bio-Molecules (WPI-ITbM), 
Nagoya University, Nagoya 464–8601, Japan. 
Division of Seasonal Biology, National Institute 
for Basic Biology, Okazaki 444–8585, Japan. 
E-mail: takashiy@agr.nagoya-u.ac.jpMicrocephaly
C.G. Woods1 and R. Basto2,*
What is microcephaly? Microcephaly 
is a clinical condition characterised 
as having a smaller brain than the 
mean for sex, age and ethnicity, 
with the occipito-frontal head 
circumference equal or less than –2 
of standard deviation. This measure 
is a surrogate for brain volume, but 
has proved useful and reliable as a 
clinical tool for decades.
What is autosomal recessive 
primary microcephaly (MCPH)? 
There are many different syndromes 
characterised by a smaller head 
at birth: MCPH is one of them. 
Unlike certain diseases that are 
characterised by microcephaly 
and brain malformations, like 
lissencephaly or Taybi-Linder 
syndrome, in most MCPH patients, 
the overall brain organisation is 
maintained. MCPH patients have mild 
to severe mental retardation. MCPH 
is a rare disease caused by recessive 
mutations in single genes and is most 
commonly found in populations with 
consanguineous marriages. 
Why is it only the brain size that 
is affected? This is the one million 
dollar question. The short answer 
is: we do not yet know. Brain size 
reduction is accompanied by overall 
growth defects in conditions such as 
Bloom syndrome and microcephalic 
osteodysplastic primordial dwarfism 
type II (MOPD-II), which demonstrates 
that certain mutations can affect 
whole body size.  However, in most 
MCPH families, only head size is 
affected. Neurogenic cell divisions 
in the brain are more frequent during 
embryonic development, although 
these divisions still take place in 
restricted regions postnatally and in 
adult brains. It is therefore possible 
that this contributes to the difference 
between the brain and other organs 
and body parts. Alternatively, and 
more likely, it is conceivable that 
the mutations that cause MCPH 
might predominantly affect neuronal 
progenitors and not other types of 
progenitors. In other words, dividing 
neuronal progenitors might be more 
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Figure 1. Microcephaly.
Dorsal views of wild-type (left) and Plk4-overexpressing (right) mouse brains at birth showing 
brain size reduction. i.e. microcephaly. Brain organisation is maintained in Plk4-overexpressing 
mice. Scale bar = 3 mm. (Image: V. Marthiens, Basto lab.)susceptible to mutations in genes 
encoding centrosome or spindle 
pole proteins than other cell types 
(Figure 1). 
Do all microcephaly genes encode 
centrosome proteins? No, but the 
majority of genes found mutated 
in families with microcephaly do 
encode centrosome or spindle pole 
proteins. The centrosome is the 
major microtubule-organising centre 
of animal cells. It is composed of 
two centrioles, which are arranged 
orthogonally to each other and 
recruit and organise the pericentriolar 
material (PCM), the site of microtubule 
nucleation. The centrosome 
contributes to the efficient assembly 
of the mitotic spindle during mitosis 
and, through the nucleation of astral 
microtubules, to spindle positioning. 
The centrosome duplication cycle is 
well controlled to ensure the presence 
of no more than two centrosomes in 
a cell. 
Centrosome genes found to be 
mutated in MCPH families encode 
essential centriole duplication 
proteins — SAS-6, STIL, CPAP, 
CEP63, CEP135 and CEP152 — 
and the PCM protein CEP215 (also 
known as CDK5Rap2). Most of these 
mutations generate premature stop 
codons that predominantly result in 
nonsense-mediated mRNA decay and 
consequently little protein product, 
while others lead to the expression of 
amino-terminally truncated forms of 
the protein. These findings suggest that the centrosome duplication 
cycle and centrosome function 
are perturbed in MCPH patients. 
Severe microcephaly is also present 
in Seckel syndrome (where severe 
symmetrical growth reduction is 
present at birth and continues 
thereafter), some cases of which are 
caused by MCPH-associated genes 
e.g. CPAP and CEP63. 
The genes encoding the spindle 
pole proteins ASPM and WDR62 are 
the most frequently mutated genes 
in MCPH. ASPM is a large protein 
that binds to microtubule minus ends 
and participates in mitotic spindle 
assembly. In addition, in flies, the 
ASPM orthologue, Asp, interacts 
with myosin-II to regulate interkinetic 
nuclear migration and brain 
morphogenesis, suggesting a non-
mitotic function for Asp and possibly 
ASPM in the brain. WDR62 interacts 
with the mitotic kinase Aurora-A and 
this interaction regulates mitotic 
spindle assembly. Wdr62 mutant 
mice display microcephaly and  
neuronal progenitors present defects 
in spindle assembly that lead to 
mitotic lengthening, mitotic arrest 
and consequent cell death.
Mutations in genes encoding 
the mitotic kinesins CENP-E and 
Eg5 or in the MICROCEPHALIN 
(MCPH1) gene, which encodes a 
protein involved in chromosome 
condensation and in ATR (Ataxia 
Telangiectasia Related) signalling, 
are also found in MCPH and related 
syndromes. How do MCPH-associated mutations 
in centrosome proteins have 
such a significant effect on brain 
development? The answer to this 
question is not straightforward. A 
smaller but still architecturally normal 
brain most likely results from a 
reduction in the number of neuronal 
progenitors, the cells that will give rise 
to more committed progenitors and 
neurons. Possibly, mutations in genes 
encoding centrosome and spindle 
pole proteins lead to microcephaly 
by different means and several 
hypotheses have been put forward to 
explain MCPH. 
The observation that MCPH1 was 
recruited to sites of DNA damage 
first suggested that the DNA damage 
response pathway was involved 
in MCPH. In agreement with this 
hypothesis, mutations in the ATR 
gene are a cause of Seckel syndrome. 
The subsequent identification of 
several mutations in genes encoding 
centrosome and spindle pole proteins 
raised the possibility that abnormal 
spindle positioning was the major 
pathophysiological mechanism 
underlying MCPH. During early 
neurogenesis, neural stem cells and 
progenitors divide symmetrically to 
increase their population. Mitotic 
spindles have to be positioned 
with exquisite precision to the 
cell’s apical membrane in order 
to allow symmetrical segregation 
of pluripotency factors. Defects 
in spindle positioning result in 
asymmetrical segregation of these 
factors, which might lead to premature 
differentiation and to a reduction of 
the progenitor pool. Each symmetrical 
cell division of a progenitor 
exponentially increases the progenitor 
pool: the progenitor number is equal 
to 2n, where n is the number of 
mitoses; however, each asymmetric 
division only maintains the progenitor 
pool at a constant number and linearly 
produces neurons. 
Importantly, mutations in many 
of the genes encoding centrosome 
and spindle pole proteins are also 
known to cause a mitotic phenotype. 
Recent analyses of mouse models 
carrying centrosome defects have 
provided evidence of defective 
chromosome segregation, leading to 
aneuploidy and mitotic arrest, which 
was accompanied by an increase 
in p53-dependent apoptosis. In this 
case, brain size reduction might be 
caused by the death of aneuploid 
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progenitors. The clinical findings 
in MCPH support the hypothesis 
that neuronal progenitors are more 
vulnerable than other cell types 
to mutations in genes encoding 
centrosome proteins.
What has MCPH got to do with the 
evolution of human intelligence? 
It has been suggested that small, 
cumulative changes in MCPH-
associated genes have collectively led 
to the increase in human brain size. 
There is a clear relationship between 
measurable intelligence and brain 
size within humans and between 
other mammals. Broadly speaking, 
herbivores have smaller brains than 
predators and scavengers. Also, 
nearly all conditions in which the 
brain is substantially reduced in size 
lead to intellectual disability (despite 
physical abilities often being normal). 
Humans are regarded (by humans!) as 
having the greatest cognitive abilities 
amongst animals, and have proven 
themselves remarkably adaptable 
to different conditions on Earth and 
hence have spread far beyond their 
ancestral geographical origins. But 
none of this proves that a larger brain 
is a cleverer brain, although inherently 
this might make sense! 
For most MCPH-associated genes 
there is evidence for evolutionary 
selection and change during the 
monkey/ape/human lineage, as seen 
for genes involved in fertility and 
immunity. Taken together it has been 
speculated that multiple alterations 
in MCPH genes (and presumably in 
other genes with which they interact) 
have led to the threefold increase in 
brain size between chimpanzees (our 
closest relatives) and us. The other 
evolutionary change that is thought 
to be related to human brain size is 
the loss of the masseter muscle gene 
MYH16 following the evolutionary 
fixation of a premature nonsense 
mutation, allowing the young human 
skull to be able to grow more easily, 
but this relationship still remains to be 
proven. There is no such clear major 
change in an MCPH-associated gene 
that would make it ‘the’ candidate to 
explain a stepwise increase in human 
versus ape brain size. It is worth 
noting, however, that there are only 
4 amino acid differences between 
man and mouse in the 714-amino-
acid FOXP2 protein and these are 
thought to have led to the acquisition of human speech. Whilst there is no 
doubt that each MCPH gene can 
affect brain size significantly, they are 
maybe better viewed as modulators 
of brain size. And it is for this reason 
that the study of these genes may 
eventually lead us to discover the 
chance change(s) that have led to the 
emergence of the massive parallel 
processor that is the human brain. 
Where can I find out more?
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The hypothalamus is one of the 
oldest and smallest parts of the 
brain, constituting just 4 gm of 
the 1400 gm of adult human brain 
weight. And yet this tiny area 
contains highly conserved neural 
circuitry that controls basic life 
functions: these include energy 
metabolism, from feeding through 
digestion, metabolic control, and 
energy expenditure; fluid and 
electrolyte balance, from drinking 
through fluid absorption and 
excretion; thermoregulation, from 
choice of environment through 
heat production and conservation, 
and fever responses; wake-sleep 
cycles and emergency responses 
to stressors in the environment; and 
reproduction, from reproductive 
hormone control through mating, 
pregnancy, birth, and suckling. In this 
Primer, we will give an overview of the 
structure of the hypothalamus, and 
outline what we know about how that 
relates to its functional circuitry. 
Overview of the hypothalamus
The hypothalamus develops 
from the most anterior end of the 
developing neural tube. Most of it is 
derived from the ventral part of the 
diencephalon, but its most rostral 
component, the preoptic area, 
develops from the telencephalon. 
In the adult brain, however, it is 
impossible to distinguish these 
components. 
The hypothalamus is most easily 
defined from its ventral surface. It 
is bounded anteriorly by the optic 
chiasm, laterally by the optic tracts, 
and posteriorly by the mammillary 
body. It is surrounded by the blood 
vessels of the circle of Willis. The 
hypothalamus is symmetrically 
duplicated on each side of the 
brain, with the third ventricle in the 
midline forming a boundary between 
the two sides. For most functions, 
only the activity of one side of the 
hypothalamus is required.
The hypothalamus is usually 
divided from rostral to caudal into 
thirds (Figure 1). The rostral part, the 
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